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Effect of water stress on growth indices, chlorophyll fluorescence and essential oil
compositions of American oregano (Origanum vulgare subsp. vulgare)
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ABSTRACT

In the arid and semiarid regions, water stress mainly affects the growth, yield and secondary metabolit production of
oregano. In order to determine the effect water stress on growth, physiological and phytochemicals characteristic of
American oregano (Origanum vulgare L.), a greenhouse study based on a completely randomized design (CRD) with four
treatments and three replications was performed. The plants, were subjected to four water stress conditions, including no
water stress (field moisture capacity), mild (75 % FMC), moderate (55 % FMC) and sever water stress (35 % FMC). The
results showed that the plant height, dry matter yield, the ratio of inflorescence weight/stem, chlorophyll index and relative
water content were reduced under water stress. The highest essential oil content (1.15 %) was observed under mild water
stress. Also, mild water stress significantly decreased the chlorophyll fluorescence parameters (Y(NO) and Fv) in compared
with moderate and severe water stress. Analysis of the essential oil components demonstrated that in all treatements,
sabinene, (Z)-f-ocimene, (E)-f-ocimene, (E)-caryophyllene, germacrene D and p-terpinene were the major components. The
highest amount of y-terpinene (16.79 %) and (E)-caryophyllene (9.92 %) were observed in mild water stress which
increased by 344.1 % and 14.28 % compared with control, respectively. Based on the obtained results, mild water stress
significantly ameliorate the quality and quantity of oregano.
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Table 1. Results of variance analysis effect of water stress on growth, physiological traits and essential oil content of
American oregano.
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Table 2. Means comparison effect of water stress on growth, physiological traits and essential oil content of
Origanum vulgare subsp. vulgare
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Severe water stress (35% Field moisture capacity).

Means in each column followed by similar letter(s) are not significantly difference at 5% probability level using Duncan test.
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Table 3. Results of variance analysis effect of water stress on chlorophyll fluorescence indices of American oregano.

Mean of squares

Source of variation df Y(II) Y(NO) Fv/Fo Fv/Fm Fv Fo Fm
Water stress 3 0.0002™ 0.0017" 0.12™ 0.0009™ 0437 0.029™ 0.227
Erorr 8 0.00006 0.00001 0.05 0.0008 0.0 0.009 0.0
Coefficient of variation (%) 1.14 9.81 4.22 0.09 10.05 0.04

IS sire Sglas 0gu5 g ) phaw )0 Sl Jre Dglds (oS Say ms g e

** ns: Significantly difference at 1% level of probability and non-significantly difference, respectively.

Sl oo ye Jeds )l il sl slagasles oS (45 51 (nSils alin ¥ Jgoor
Table 4. Means comparison effect of chlorophyll fluorescence indices of American oregano.

Chlorophyll fluorescence indices

Water stress Y(NO) FV Fm
11 0.28° 1.737 3.4°
12 0.3° 2.27° 33°
13 0.31° 2.63° 2.92°
14 0.34° 2.40° 2.83¢

YO) dod oIS i s 5 (Lely; Sadyls ao 0 B0) dawgie SleS (i3 I3 (l)5 Cud b 0o yd VO) edle oleS 25 i (el cod,b) walis
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I,: Control (Field moisture capacity), I: Mild water stress (75% Field moisture capacity), I;: Moderate water stress (55% Field moisture capacity), I:

Severe water stress (35% Field moisture capacity).

Means in each column followed by similar letter(s) are not significantly difference at 5% probability level using Duncan test.



e ol Sl 5 5 Jedg )l il sl csudy slagasls 2S5 5 10 Sen 5 (2l FA

J9oz) 90,8 w5 bawgle oo (oS 55 &
95 o9 g (B S e Slae el jls (F
Sl der (39 a5 (97 S JL e sl
8y (Mehta et al., 2011) s4i o olow] STy
2 oSl S Gl s sl sSee
(SerD9) A 00l ST Camdg p0 (I piogid
Slrokindy g 009 Jud I picngsd (iiSTy 35 5 a5
08 o T oskdsS Jeld iy 4 a5 (9,
5 (Plastoquinone-PQ) yex5eS gidly s |, (65,5l 009y
S ATP 0Jg5 Gyo 5 03l JUiil T piapussis 4 PQ |
a0 il L g ) 4 el (FO) il jold o S
boanld ol aboe Gl Guilosld (ad Ll
[ picngid 0 (9 58Ul JUSl g Xigd oo din gy
J2o 5 il Sl cl o 005 ei D90
Ot L e ST g b I8
b L (Sas s @dly o il e Fm) uilegl
S so acly g i8I JUl g Apdy cod)ls (e
Soheili ) oy iSlas il jold a4y s s s pannsan
ol yald Jlade o islisl (Movahhed er al., 2017
s iSlas uilajsl o Liels 5 e
JEC RV IR IR NN ORI | QPCHIRT
o] oShaS el alS b sl (Sae (Fm)
boosy o sl Ji a5z 5 ol aniSay
Chaves et al, ) ok bagye T giupwgs GlLI
G N5 n) 90 ewyn b (SAagh 5o (2009
Origanum vulgare subspecies: subsp. hirtum and )
ol S s il cod (subsp. gracile
ST il gl ime (2 7268 g (i &S WS
Bl g Jawgie (I 40 o 4 gracile asS 5y
o5 5 Jley il )0 i 4 hirtum 655 5 50

(Emrahi ef al., 2021) sl Casss p2dbe

owlul Olos 5
ol )3 S YA (G55 B gileg S 5T bl
ssbte 4.0 Jgu2) ad plelid SIS pal (b e
3o ok 5l S 0 (6 S el (sl LT

(FV) yeiia iyl
osboygls e OVY) (n e85 (VIFY) (i
el Sy Jloyi 6ylel g by (5 g5 4y yoitie
VO Gl @ i o & awgio (AT (eiznes
9 pdle (A5 Sl e il jgld (g2 )3 AUBA 4
Gkl it (ulaygls (P Jouz) wo S wal
o uilysls b (Fm) jiSTas yuils ol C85L
o5lgS o Shee JiSlas il 5wl oo Caws 4 (FO)
o 3l 09 by Sands g Ll il ol
I, (Quinone A) (yg,uSl odiypdy sl 4 piwgid
U (Baker & Rosengvist, 2004) oo oo lis
95 5 S aeSles Wiz e il L (Sas
JUSl g hpdy Codyb (gimgtd plens )3 ()5
Moo Rl yuite (il gl g o0l als ) (525l
UedolS uilus jsls Jlaie Yool (Mehta ef al., 2011)
3y sl slal el 5 Sl i pdy a5 olSim
5% 5 (BV) puite i)l Jlade s cnl g ol
2 055N sl 5 o Ul 35350 05 Sl
a Jodg 5 eyl jlaie sl (ygnlignST >
Sl BV jeite ol fiee 5 2Bl oS
il gls a5 T 5| (Saffari ef al., 2013) wl oo
wdbios oSl oindy Jo5 bl Slas i
G2 by aPls ol Gl CS Gl cnlple
el g s (Si 5 b oy o ol S
b oagn )0 il g g & S
s A g fe Fo ) oS i 3b e
JeisslS ol slo il 5 5 S 5 (b
iy &5 30 ST 5158 (Aloe vera L)) g a54)1 (59,
ol 0 i it Guilojsld (e (a8
el sty gugb, adss aoge A g Tl

.(Hazrati et al., 2016)

(Fm) yiS1os il yols
0l sy, S (il gl SleS” 5 l3H L
(VIAY) cpiaS 5 (FIFQ) cp e a5y ok ol
Sty Bl 25 5 Jbo g )l 50 w5 4 o e
OBl 4 ymie i ia Jloy il (F Jgaz) aal
s 513> il sl g0 ys Yo/) ASIFY XY



£ V)l ) 8,les O 850 ool SLEL pole

SasSlS el dongn i dasid oo
peilSe o lgie a5 V0568505 5 Sojgiln
Shre (LS o ) Gl Slgie g dss £l
WS oo L8 coliiul 590 wams o 3 Wb Cou
Jdo ooy oo Sl iz (Morshedloo e al., 2017b)
TR 50 gy el e DS 5 (B
(E)-o-terpinene Sabinene) lawgio 3 mdo sl
0uds Cundd oy S iy amass (caryophyllene
23 oo sl slacslie s @ iagd anl b b
slass Slus a8 &b ) e slais
o uilol a5 Slowl 5ol co Gl oy5easST Jlad
il saijle (slaaxly o e3g (sadsns (SluS
Je 69 9 Slandg . hinginl wiile (Lagdsngih
s ATP .3 51 SlSy a jls wolawdg, T
yga> &S gg9og0 (pl 4 axg L.y NADPH
Ol 5 JSis lp A g Giare el g peolie
Ormeno & Fernandez, ) ol o (5,908 00 08 pals
e jole S v (S Cugb, s L2012
m)ojoMrJ@1xﬁLLfL»5)Mofy
‘);) usl.a M‘P u.....mlf @L\.C é)L».A L °L.tf ‘s.u).u»\)
& (K25 Ll 3 b b | S polie
GrS Olee 4 g odr S 5 35290 o) S
O kbl o plply 0 S e 8 Aty LSl o
JROR NN VIS ORI JES R
,o .(Amani Machiani ef al., 2021) <é 5 saly> )3
Sy @IpS GRS e polas gy b ek
O &S w58 (Sabvia officinalis L) S e
bl 0 Sles 5 ao s (bl 4 e (Gusb; slre
W e op i wized 00,5 vald 4 S
bogie JIeS G5 50 5elS g Jytiew Ag) (g
aS Koo iy o (Govahi et al., 2015) sel Cassy
Sgr 0ads plxil vulgare 43S py )3 Ghersire 9,
p- «arvacrol dhymol wluS 5 a5 wo 5 jasriwe
ool e oluS 5 s> p-terpinene ¢ cymene

dgs thymol & bgs e aus,0 DAY (o ol 5l g Qiog

@bl lp Gezmes 5 Sopdy Ojpe SIS A
9 325 GC oliws & IS5 4 o 55 (il ©leS 5
SlaS el oals 11D Jgaz 0 1S5 4w Sk
(2)-p- o-terpinene germacrene D ¢ Jold ooes
(E)- 4 (E)p-ocimene sabinene .ocimene
g y-terpinene e (i Aoy caryophyllene
aS 0,8 cdnlice wde 5 o (E)-caryophyllene
Qo VEIYA g YEFN oy b vald jled & cad
4o Sabinene e oy yiden Ceizeen b ol
g Y8IE AVIF 55 a0 Jly gylol 5 aad (edle
Ol pyion cplp ogde 8l ioli8l wo e £V/F
;8 (E)-p-ocimene ¢«(Z)-f-ocimene  germacrene D
S5 e 0)S welie (68 5 g Ll
5 hawge @dle s lall oo germacrene D
a5 09 oy VAY g YVA/2Y NAUYY iy ay auals
odalie polie j3 2ol g Gl )3 ()08 Xgy Sy
dinalool ~ 3-octanol) LS5 Gle oS
3,50 sladiges milwl ,o (shyobunol 4 spathulenol
i Ggd 2leS A Gl ol Cov iule)]
OB S (550 (35 b SleS S bl s
odge p yhare 5 (29)l QLS CuhsS (a3 (ot
e B S R g R T
3B LS ol eilal CehS S 8y S
osilal jo dszge agll lacugle ax ST .abl
J5S S sbessy bwy gl plls
Jolge by was 4 byl jiwgs bWl wisd o
Jeay sad (2leS G55 5150 058 0 J 535 ame
shals g olaST anld (pdS as > ol Jise
e 05)'&” o..b).h.b Q‘?’“‘c L NADP+ w}”j é‘
H" g0l polie amcs o b oo sals (Jlal o
5H+ Cnd 9 oé; L\...a éo.?u le...u )\)NADPH 9
gy oyl aalsl b el oo yiul33 NADP+ 4, NADPH
o> 3l i NADPH jlaie oglS a5 > (a8g5 Judo 4
@ JUBSl oy 50 e pSUl Cale jo e RelS
JWb slaaiss gl adg cel g onnm) (5]
H' (Amani Machiani ef al., 2021) 54 o (y5umS]
a9l Ol 5 Fiwgm 40 (Jokw ;o BLSINADPH 4



e ol Sl 5 5 Jedg )l il sl csudy slagasls 2S5 5 10 Sen 5 (2l v

O. vulgare &g5 15 5 SIS (25 Lyl 10 a5y gl
fY/#¥ L (2)-a-bisabolene .S 5 subsp. Virens
O. vulgare subsp. gracile &5 53 ;5 ¢ doy
S GluS 5 55> we,e OY/-V L carvacrol oS 5
SIS G5 dilite zolw G a5 Gidgs il
Sldlae (Morshedloo et al., 2017b) s glaie
& wad e LS ey sladisS n) (59, Sasie
Lyls 4 luS 5 caaS )0 0ad snalive slacsglas
S (K (S5 9 (SfsS| sloygisl plo 4 g

(Sarikurkcu et al., 2015)

SNS (SAdeh 4 (yxen (Sarikurkeu e al., 2015)
sthymol LS 5 oS wl (o,158 vulgare 565 55 59,
cis-o-bisabolene ¢-terpinene @p-cymene .carvacrol
Aoy il L ollS 5 s> eucalyptol o
G0 adllae o (yomen (Vazirian ef al., 2014)
spathulenol «caryophyllene LS 5 a5 ol 5,58
93> a-caryophyllene 4 o-terpineol germacrene-D
2oy adlllas 5y90 WS 5 50 eilel S LS 5
3, &S Slasllas ;o -l 5 ogdle (Sahin et al., 2004)
Origanum vulgare subsp. )  igi,e 455 oo
<5 (Origanum vulgare subsp. virensy gracile

- gl 4 Al asede b pll ol6S i Ll

(@S 5 i palas 18 Cod Siga;pe (el (liard SlaS (S Sl B Jgor
Table 5. Proportion (%) changes of essential oil components in O. vulgare subsp. vulgare under different water stress levels.

No Components LIT RI RI I I, Iz L
1 n-Nonane 900 899 0.07 0.09 0.05 0.39
2 a-Thujene 924 923 0.19 0.65 0.17 0.11
3 a-Pinene 932 929 0.31 0.56 0.41 0.21
4 Camphene 946 950 0.01 0.01 0.01 0.01
5 Sabinene 969 966 11.26 9.70 18.20 13.32
6 p-Pinene 974 972 0.05 0.03 0.07 0.20
7 1-Octen-3-ol 974 975 0.01 0.01 0.01 0.01
8 3-Octanone 979 983 0.55 0.56 0.25 0.72
9 Myrcene 988 988 1.96 2.09 2.04 2.36
10 3-Octanol 988 993 0.01 0.01 0.01 0.01
11 n-Decane 1000 998 0.90 0.66 1.50 443
12 a-Phellandrene 1004 1002 0.34 0.01 0.01 0.01
13 a-Terpinene 1014 1013 0.72 0.93 0.47 0.30
14 P-Cymene 1022 1022 0.38 0.97 0.01 0.33
15 p-Phellandrene 1025 1025 0.46 0.15 0.01 0.01
16 (Z)-p-Ocimene 1032 1036 16.21 13.74 15.35 13.72
17 (E)-f-Ocimene 1045 1044 10.14 3.18 5.08 4.84
18 y-Terpinene 1054 1055 3.78 16.79 2.01 1.46
19 Cis-Sabinene hydrate 1065 1063 0.05 0.01 0.01 0.01
20 Trans-Sabinene hydrate 1098 1094 0.24 0.18 0.01 0.01
21 Linalool 1095 1098 0.01 0.01 0.01 0.01
22 Terpinen-4-ol 1174 1173 0.29 0.89 0.44 1.37
23 Carvacrol methyl ether 1237 1242 0.05 0.36 0.07 0.01
24 Thymol 1289 1291 0.01 0.01 0.04 0.01
25 Carvacrol 1298 1304 0.01 2.61 1.92 3.13
26 Carvacrol acetate 1370 1362 0.51 0.15 0.61 0.51
27 (E)-Caryophyllene 1417 1414 8.68 9.92 5.89 7.92
28 y-Muurolene 1478 1445 0.97 0.92 0.90 0.85
29 a-Humulene 1452 1475 0.14 2.19 4.56 5.83
30 Germacrene D 1482 1491 23.17 19.37 20.62 19.94
31 Bicyclogermacrene 1500 1491 4.11 2.20 5.19 5.18
32 p-Bisabolene 1505 1505 0.28 0.03 0.07 0.14
33 Spathulenol 1577 1568 0.01 0.01 0.01 0.01
34 Caryophyllene oxide 1582 1575 0.67 0.31 0.65 1.24
35 Shyobunol 1688 607 0.01 0.01 0.01 0.01
Total Indentified (%) 88.6 86.7 89.3 86.6

YO) ol oleS G5 I g (3 byl asy0 B00) lawgie oleS L35 I d(sl)) Cud b auoyd YO) mdle oTnS 25 (5 b ) amls Iy
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I;: Control (Field moisture capacity), I,: Mild water stress (75% Field moisture capacity), I;: Moderate water stress (55% Field moisture capacity), I

Severe water stress (35% Field moisture capacity).

RI: retention indices as determined on a HP-5 MS capillary column using a homologous series of n-alkanes (C8-C40)
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